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Protec t ion  Branch Report of Test  No. 20-63 

The Effec t  of Nickel-Cadmium Ba t t e r i e s  Upon Bac te r i a l  Spores 

INTRODUCTION 

I n  l i n e  with the  problem of  developing s t e r i l i z a t i o n  procedures f o r  
i n t e rp l ane ta ry  spacecraf t ,  i t  has been demonstrated t h a t  the  nickel-  
cadmium ba t t e ry  cannot withstand the  necessary temperature o r  r a d i a t i o n  
exposure required f o r  s t e r i l i z a t i o n  with these techniques. It has been 
suggested, however, t h a t  t he  ba t t e ry  i s  s e l f - s t e r i l i z i n g  because of t he  
high hydroxide content  and therefore  would not  r equ i r e  spec ia l  s t e r i l i z i n g  
treatment.  
submitted seve ra l  b a t t e r i e s  t o  Fo r t  Detrick f o r  evaluat ion.  

I n  order t o  t e s t  th i s 'hypothes is  Goddard Space F l igh t  Center 

MATERIAL3 AND METHODS 

The nickel-cadmium ba t t e ry  contains an e l e c t r o l y t e w h i c h  i s  approxi- 
mately 30 per cent potassium hydroxide, a separa tor  mater ia l  of poly- 
propylene f e l t ,  and the  g r i d  o r  support f o r  both the  pos i t i ve  and negat ive 
p l a t e s  of powdered n i cke l  metal  s in te red  t o  form a shee t  containing 80 
per cent  voids,, 
( t he  negat ive)  and nickelous hydroxide ( t h e  pos i t i ve ) .  
former t o  cadmium metal and the l a t t e r  t o  n i c k e l i c  hydroxide. 

These voids a re  subsequently f i l l e d  with cadmium hydroxide 
Charging changes the 

The t e s t  procedure, i n  general ,  consis ted of determining whether 
spores of  Bac i l lus  s u b t i l i s  var niger would survive i n  the presence of  a 
s l i c e  ( a b o m n c h  th i ck )  of t he  ba t te ry .  
water, 2 per  cent  hydrochloric; ac id  and O b 5 %  sodium th iog lyco l l a t e ,  were 
used as the  medium i n  whi:h the s l i c e  of b a t t e r y  was placed f o r  assay. 
After  var ious time periods,  s e r i a l  decimal d i l u t i o n s  i n  d i s t i l l e d  water 
were made from the d i l u e n t  containing a s l i c e  o f  ba t t e ry .  
l o g i c a l  assays were made by the pour p l a t e  method using t ryptose  and/or 
t h iog lyco l l a t e  agars  f o r  cultuse media. 
48 t o  96 hours a t  3 7 O  C, *,he ensuing colonies  were counted. 

Various d i l u t e n t s  , d i s t i l l e d  

A l l  bacter io-  

After an incubat ion period from 
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RESULTS AND DISCUSSION 

The r e s u l t s  o f  four  tests are given i n  Tables I. through I V .  

I n  t h e  f i r s t  t e s t ,  a s l i c e  of nickel-cadmium b a t t e r y  and B. s u b t i l i s  
var  n ige r  spores were put  i n t o  each of two d i luen t s ,  hydrochloric ac id  
and d i s t i l l e d  water, t o  determine whether t he  spore recovery obtained i n  
the  presence of the b a t t e r y  was affected by the  pH of the  d i luent .  S e r i a l  
decimal d i lu t ions  of each 50 m l  sample were made, but only d i l u t i o n s  1:500 
through 1:500,000 were p la ted  s ince these  d i l u t i o n s  would be s u f f i c i e n t  t o  
ind ica t e  whether o r  no t  spores would survive.  
the spore recovery was approximately the  same over a 24 hour period f o r  
both d i luen t s  (Table I.). 
present  i n  the nickel-cadmium ba t t e ry  they could have been recovered i n  
e i t h e r  di luent .  
potassium hydroxide wi th in  the  ba t t e ry  before assaying f o r  v iab le  spores. 

The r e s u l t s  ind ica ted  t h a t  

It, thus,  appeared t h a t  i f  many spores had been 

There appeared t o  be no necess i ty  t o  neu t r a l i ze  the 

The second t e s t  was designed t o  t e s t  whether spores could be recovered 
i f  t he  nickel-cadmium ba t t e ry  was d e l i b e r a t e l y  contaminated. 
c l e a r l y  indicated t h a t  b a c t e r i a l  growth was inh ib i t ed  (Table 11. ). 

The r e s u l t s  

Test I11 was done t o  determine whether the observed i n h i b i t i o n  was 
due t o  the  metals i n  the  ba t t e ry  t h a t  d i f fused  i n t o  the  d i l u e n t  and were 
subsequently ca r r i ed  over i n t o  the agar p la te .  Thioglycol la te  agar, which 
i s  known t o  neu t r a l i ze  the inh ib i to ry  e f f e c t s  produced by some metals, and 
t ryptose  agar, the medium used i n  previous tes ts ,were used i n  the  assay of 
the  s l i c e  of ba t t e ry  de l ibe ra t e ly  contaminated with spores. The r e s u l t s  
show t h a t  the i n h i b i t o r y  e f f e c t s  were p a r t i a l l y  overcome by the  use of 
th ioglycol la te  agar;  moreover, a spo r i c ida l  e f f e c t  seemed t o  be present  
(Table 111. ). 

The las t  t e s t  was designed t o  determine whether spores  would survive 
i n  a nickel-cadmium bat te ry .  
contaminated with spores and one s l i c e  assayed immediately (15 seconds) 
and the other t h ree  a f t e r  the spores were i n  contact  with the  ba t t e ry  f o r  
1/2, 3 and 24 hours. Sodium th iog lyco l l a t e  so lu t ion  in s t ead  o f  water was 
used as the assay d i l u e n t  and only th iog lyco l l a t e  agar was used fo r  
cu l tu re  medium. By t h i s  procedure, the i n h i b i t o r y  e f f e c t s  of the ba t t e ry  
ma te r i a l  carr ied over i n t o  the  agar a t  t he  low d i l u t i o n s  was  minimized 
and growth ensued. The r e s u l t s  given i n  Table I V  s t r o n l y  suggest t h a t  
microorganisms would not  survive more than an hour o r  two i n  a nickel-  
cadmium bat tery.  
posure were probably on the  f i b e r s  protruding from the  sur face  of the 
ba t t e ry  s l i c e  and not  i n  d i r e c t  contact  with the a l k a l i  as would be ex- 
pected with organisms n a t u r a l l y  entrapped. 

Four s l i c e s  of b a t t e r y  were d e l i b e r a t e l y  

The spores t h a t  were recovered a f t e r  3 and 24 hours ex- 

It i s  believed therefore  t t e r y  t e s t ed  
i s  s e l f  -s t e r  i l i z i n g  . 

- "  
-I ---.I 

=--Q&* 

3 



I . .  
. .  

i 

3 
c 

Table I. 

Recovery of Bacterial Spores in the Presence of Nickel-Cadmi$n 
Battery Slice in Hydrochloric Acid and in Distilled Water 

Contact 
Time Hydrochloric Acid Distilled Water 
(hours) PH Spores/sample+c PH Spores/sample+ 

0 0.8 7.6 

3 2.2 13 , 900,000 12.0 26,500,000 

6 4.4 13,000,000 11.8 28,800,000 

24 6.0 10,100,000 11.8 24,200,000 

+t Inoculum 20,000,000 to 30,000,000 
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Recovery of Bacter ia l  Spores L/ a f t e r  Direct  Contact with the  
Nickel-Cadmium Battery S l i c e  f o r  24 Hours 

Di lu t ions  Colonie s /plate  PH of agar i n  p l a t e  

1 :lo 0-0-0-0 8.4 

1 :SO 0-0-0-0 7.4 

1x500 2-0-0-0 7.1 

10,000 spores o f  E .  s u b t i l i s  var  n iger  were placed d i r e c t l y  
on the  ba t te ry .  

2/ pH of s t e r i l e  cont ro l  agar was 7.1. 

Note: The agar surface o f  a l l  s t e r i l e  p l a t e s  were subsequently 
inoculated with lo7  ,B, s u b t i l i s  var  niger  spores. 
of the  p l a t e s  a t  the  1 : l O  d i l u t i o n s  supported growth, 
ha l f  of  t he  p l a t e s  a t  1:50 d i l u t i o n  supported growth, and 
a l l  t he  p l a t e s  a t  1:500 d i l u t i o n  supported growth. 

None 

... 
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Table I V .  

Recovery of Bacter ia l  Spores af ter  Direct  Contact with t h e  
Nickel-Cadmium Bat tery Sl ice  f o r  Various Time Periods 

Contact Time pH of 
(hours ) Sample Av. Count/Sample 

I n i t i a l  13.0 51,400,000 

1/2 13.0 16,400 

3 13.0 13  

24 13.0 8 

Note; pH of the  agar was af fec ted  a t  the  lower d i lu t ions ,  
t h a t  i s ,  pH 8.0 a t  1 ~ 1 0  d i lu t ion ,  pH 7.4 a t  1 ~ 5 0  
d i l u t i o n ,  pH 7.1 a t  1 ~ 5 0 0  d i l u t i o n  and pH 7.0 f o r  
a l l  subsequent d i lu t ions ,  


